Conservation of bamboos for future exploitation as fuel, fibre and as an ingredient for cosmetics depends on knowledge of its natural genetic variation. The study of molecular genetic diversity in bamboos will provide important information for its conservation. This article reports on the genetic diversity in 25 species representing five genera of bamboos found in Indonesia using Random Amplified Polymorphic DNA (RAPD) molecular markers. Out of 40 primers, 24 primers produced 1107 total bands and 86.21% of polymorphic bands across the 25 species. Sixteen bands were uniquely found in one species only and their presence or absence helped to define nine bamboo species. RAPD band sizes ranged from 162 to 2247 base pairs. A dendrogram based on the similarity coefficient of Dice divided the bamboo species into three big clusters. In conclusion, RAPD can capture the diversity among five different bamboo genera and has a great potential to be used in the study of genetic diversity in Indonesian bamboos.
IntrODUctIOn
Bamboo is a non-timber natural resource that has a lot of potential for human use. In this current era, it is used in decorative products, households (such as cooking utensils, toilet paper), building materials, as a fuel and in crafts. Bamboo plantations are useful for conserving soil and water. The bamboo root system produces a cluster of tightly bound shoots that prevent soil erosion (Arsad 2015) . Around 1500 species of bamboos are found round the world (Nirala et al. 2016) . Indonesia has around 157 species, which represents more than 10% of global bamboo species (Widjaja and Karsono 2005) .
Bogor Botanical Garden (BBG) collects and conserves bamboo species ex situ, and accessions include 11 genera and 43 species of bamboos (Zulkarnaen and Adila 2015) . These collections are very important as a base for studies of molecular genetic variation in bamboos in Indonesia.
About 60 species of bamboos can be found in Java, Indonesia, with West Java as one of the largest bamboo producers in Indonesia (Cundaningsih et al. 2015) . One district in West Java uses bamboo as an industrial raw material. Karangwangi Village (K) is one of the largest suppliers of black bamboo (Gigantochloa atroviolacea Widjadja) for making angklung, a traditional musical instrument (Cundaningsih et al. 2015) . However, this black bamboo is still obtained from natural stands and is not yet cultivated. Oktawirani (2013) reported that the demand for black bamboo as an angklung making material can only be met for the next 10 years, considering the limited natural supply of black bamboo. According to An'amillah (2016) , in this village, there are also 15 other species of bamboos which are still harvested freely without re-establishing the stands by selective harvesting. This activity will lead ultimately to the extinction of these bamboo species. Therefore, it is very important to have a good knowledge of morphological and molecular genetic variation in these species, as a basis for conservation and sustainable use of bamboo. However, there are only a few studies on molecular genetic variation within and among Indonesian bamboo species.
Knowledge about molecular genetic variation in natural bamboo populations not only helps in developing strategies for its conservation but also improves our understanding of taxonomy and genetics of bamboos (Rao and Hodgkin 2002) . Overuse of bamboos in their natural habitats can lead to their extinction. Loh et al. (2000) explained that overexploitation and genetic erosion of bamboos are major reasons for germplasm data collection for the sake of conservation, classification and identification of bamboo. Thus, any research on bamboo genetic diversity is very much needed for conserving bamboo species.
DNA-based molecular markers are often used to determine genetic diversity in plants. According to Das et al. (2008) , molecular data can provide useful information to handle any aspects of plant taxonomy and classification. Molecular genetic markers can be useful in taxonomy, to assess the relative level of interspecies and intraspecies genetic diversity (Nayak et al. 2003) . Unique alleles, which appear only in one species in a population, may also found in a study using DNA markers (Moges et al. 2016) . One DNA-based marker system is Random Amplified Polymorphism DNA (RAPD). This marker uses short oligonucleotides (10 base pairs) as primers, which bind to complementary sequences in the host DNA, followed by amplification and visualisation of amplified DNA. The advantages of using RAPD markers include low cost, fast, no information of plant genome is needed and sensitive in de-termining the genetic relationships between species or individuals (Deshwal et al. 2005) .
Several research reports exist on the genetic diversity of bamboos using RAPD markers. Eevera et al. (2008) reported that RAPD markers were useful in the study of genetic variation of 26 species of bamboos in India. Research by Nayak et al. (2003) concluded that RAPD was able to identify bamboo species and genetic relationships between taxa in a cultivation programme in India. RAPD markers were used to determine the relationships between Bambusa species in South Eastern China (Sun et al. 2006) and to test the fidelity of edible bamboo Bambusa clones produced through in vitro propagation (Anand et al. 2013) .
In this research, we aim to use RAPD markers to investigate genetic diversity within and between bamboo species belonging to five genera and to identify alleles that are unique for each species.
MAterIAL AnD MethODS

Plant material
Plant materials were obtained from in situ collections of Bogor Botanical Garden and also Universitas Padjadjaran Department of Biology bamboo collection from Karawangi. Bamboo species from K was previously classified based on Dransfield and Widjaja (1995) and Widjaja (2001) (Setiawati et al. 2017 ). Total of 25 species from five different bamboo genera was used for analysis. Those five genera were: Schizostachyum, Bambusa, Gigantochloa, Dinochloa and Dendrocalamus (Tab. 1). Young leaves were collected and dried using silica gel following the method suggested by Tuner (2015) . Young leaf of bamboo was cleaned using alcohol 70%. Plant material was placed into a plastic ziplock bag containing silica gel. The ratio of sample weight and silica gel weight was 1:10. Silica gels were replaced when its colour changed. This was continued until the leaves were completely dry.
extraction, quality and quantity DnA tests
DNA was extracted from the dried leaf sample using the cetyltrimethylammonium bromide (CTAB) method described by Doyle and Doyle and modified by Vijay and Uttamkumar (2013) . Dried leaf sample was placed in a cold mortar and 500 µl of extraction buffer (10% 1M Tris-hydrochloric acid, 10% 200 mM ethylenediaminetetraacetic acid (EDTA), 40% 5M sodium chloride, 3% CTAB, β-mercaptoethanol and 1% polyvinylpyrrolidone) was added and the sample was ground. The mixture was then transferred to microtubes and incubated at 65°C for 15 min. One hundred microlitres of sodium dodecyl sulphate (20%) were added and incubated for 45 min at 65°C. Ammonium acetate (7.5 M; 150 µl) was added and incubated at 4 °C for 15 min. Chloroform isoamyl alcohol (24:1) was added 1× mixture volume and centrifuged (10,000 rpm for 5 min). The top supernatant was transferred to a new tube. The DNA present in the supernatant was precipitated in 1 volume of ethanol absolute and washed in ethanol 70%. Pellet was air-dried and suspended in Tris-EDTA buffer and stored at −20°C. The quality and quantity DNA were analysed using 0.8% agarose gel and spectrophotometry by measuring absorbance value on wavelength A 260 and A 280 to determine the purity and DNA concentration.
Primer screening and RAPD amplification analysis
This research used 40 RAPD from Operon Technologies Inc. Amplification was conducted following Desai et al. (2015) method. The total polymerase chain reaction (PCR) volume was 25 µl, which consist of 50 ng/µl DNA template, GoTaq PCR master mix (Promega), 10 uM/µl primer, 1 mM magnesium chloride (Promega) and nuclease-free water. PCR was performed using PCR thermal Cycler (Biorad) with a pre-denaturation at 94°C for 5 min, and an amplification process was run for 42 cycles, consisted of denaturation at 94°C for 1 min, annealing 38°C for 1 min, primer extension at 72°C for 1 min and the final extension for 7 min at 72°C. PCR products were analysed with 1.5% agarose gel in buffer Tris-acetate-EDTA 1 × x at 70V for 70 min. Agarose gel then dyed with GelRed (Biotin) and visualised under UV transilluminator. Primers that gave clear polymorphic bands were chosen for further analysis. DNA amplification with the selected RAPD primers was repeated three times to make sure the reproducibility and consistency of RAPD bands.
Data analysis
Amplification result was analysed by the total number of bands, band size, polymorphic band numbers and polymorphic information content (PIC) value. Band sizes, band numbers and polymorphic band numbers were determined through electrophoretogram using Gel Analyzer 2010a program. PIC value was measured using Avval (2017) . Information category of molecular marker based on PIC value was shown in Table 2 .
with fi 2 as allele frequency i, i=1, 2, 3, … (Avval, 2017) . The cluster analysis was conducted using the XLSTAT 2017 program (trial version), based on the similarity coefficient of Dice (Nayak et al. 2003) . The DNA bands were made into matrices 1 and 0, 1 if there was a band and 0 otherwise. The principal coordinate analysis (PCoA) was done by using Software PAST (Hammer et al. 2001; Konzen et al. 2017 ).
reSULtS AnD DIScUSSIOn
RAPD primer screening and amplification profile analysis rAPD-Pcr
The total primers used in the screening process were 40 RAPD primers. From the 40 primers, only 24 primers were polymorphic bands and analysed further. The example of DNA banding patterns resulted from RAPD-PCR amplification with primer OPA16 is shown in Figure 1 . Primer that generated the greatest polymorphism band was OPA 16 (97.30%). Primer that generated the lowest polymorphic band was OPN 16 (72.41%). The results were shown in Table 3 .
The number of DNA bands per primer and per species varied between 1 and 5 bands and the band size ranged from 162 to 2247 bp. The more bands possessed by a locus, the better information about polymorphism the locus provides (Pancoro et al. 2016) . Based on the result of RAPD-PCR, the average of monomorphic bands per primer was 6.3 and the average of 39.79 for the polymorphic bands. The level of polymorphism in this study was categorised as high. The difference in the number and polymorphism of the DNA bands produced from each primer illustrates the complexity of the observed plant genomes. In addition, polymorphism is also a picture of amplification obtained from different DNA differences (Syaruddin and Nasution 2012). Polymorphic data can be used for identification in search of the origin of a plant species, knowing relationships between species to the preparation of gene maps. Polymorphic information can also be used as a source that indicates genetic variation, so the data obtained can be used for cross-pollination and selection base (Lelana et al. 2003) . This can become a significant support to increase the production of bamboo plants for conservation purposes and sustainable uses.
The value of PIC is determined by the ability of the marker to produce polymorphic bands in the population, depending on the number of bands produced and the frequency of distribution (Chesnokov and Artemyeva 2015) . The value of PIC produced in this study ranged from 0.90 to 0.98. Our result was higher than Konzen et al.'s (2017) RAPD, where PIC ranged from 0.00 to 0.94. However, our observations were in coherence with the PIC results from Desai et al. (2015) .
Based on the informative category of molecular markers (Mateescu et al. 2005) , PIC values indicated that the RAPD primers used in this study were very informative and capable of detecting polymorphisms in a population. Thus, these primers can be used to differentiate individuals. If the value of PIC of a primer approaches 1, then the primer is suitable to be used as a molecular marker (Avval 2017) . The RAPD primers used in this study can be recommended for further research of genetic diversity of bamboos in Indonesia. The high value of polymorphism produced by DNA markers suggests the high level of genetic diversity of species present in the population. Vice versa, the more monomorphic alleles produced by DNA markers, the lower the level of genetic diversity of species in a population. The polymorphic information produced by DNA markers is required in plant breeding program to improve plant quality. This is because DNA markers that produce high polymorphisms can be used to identify the Quantitative Trait Loci of a species used to characterise potentially superior qualities and may be used for selection of elders in plant species to be developed and for conservation (Bi Fu 2015) .
Unique bands
RAPD amplification results in this research were not only showing polymorphic and monomorphic bands but also unique bands. Unique bands are bands that appear only in one species in a population tested by RAPD molecular marker (Thilaga et al. 2017) . The example of a unique band produced from the amplification with OPN 3 is shown in Figure 2 . This band is only present in sample D. scandens (Blume ex Nees). Total 16 unique bands (1.8% from the total) were characterised. This percentage number is lower compared with the result of Konzen et al. (2017) .
The unique bands have been proven to be informative for the study of genetic populations in the field of molecular ecology and genetic conservation. Unique bands can estimate the rate of mutations in a population and can be used as an indicator of gene flow and to find the theory of modelling the population structure of a species (Szpiech and Rosenberg 2011) . The primers that produce unique bands are listed in Table 3 .
The unique bands produced in this study were different for each species and each primer. Based on these data, it can be observed that unique bands can be used to detect specific characteristics for each species of bamboo originating from K and BBG. According to Patel et al. (2015) , the unique bands produced on a species can be designed to be co-dominant molecular markers, so that it can subsequently be used to characterise bamboo species originating from different regions. According to Vijay and Uttamkumar (2013) , the unique bands generated on RAPD-PCR can be created to design new Sequence Characterised Amplified Region (SCAR) markers for each species of bamboo that produce a unique band. The SCAR markers can be used as further authentication of bamboo species. Product authentication also plays an important role in conservation efforts because it can monitor the protected species from illegal trade by knowing the origin of the source of raw materials used to produce the product.
Genetic diversity among species
Based on the level of genetic similarity, bamboos from K and BBG were divided into three groups. Group I consisted of four species; Group II consisted of 15 species and Group III consisted of six species (Fig. 3 ; Tab. 4). The same species of K and BBG formed one cluster. It can be seen from the dendrogram that B. vulgaris var. vittata from BBG and K were clustered together. Other species, D. scandens from BBG and K were also clustered together. RAPD-PCR was able to distinguish Gigantochloa from BBG (GA, GR and VE) to form a small cluster (monophyletic). Our result was able to separate Schizostachyum blumei and Schizostachyum iraten.
The two-dimensional PCoA plot is also used as another approach to explain the genetic relationship among the 25 bamboos. We observed that varieties of Bambusa (var. vittata and var. vulgaris) were grouped on the same plot, indicating a close relationship. Bamboos were distributed into a separate plot, parallel to dendrogram. This can happen because these species 
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Folia Forestalia Polonica, Series
Based on the number of chromosomes, six species of bamboos in Group III have the same number of chromosomes, that is, 2n = 6x = 72 (hexaploid) (Dransfield and Widjaja 1995; Köhl 2016 ). In addition, in this study, the bands obtained from primers used for the six bamboo species in Group III yielded a similar pattern of DNA bands and nearly the same number of bands. According to Jena and Das (2006) , the pattern of DNA bands resulting from RAPD amplification is influenced by the number of chromosomes of the species. Additionally, clustering of several species in the same group can be caused by the number of chromosomes belonging to the same species. Pirre et al. (2011) and Das et al. (2015) suggested that variations in the number of chromosomes influence the population structure of a species.
In this research, we also found that the same species that were collected from a different latitude and longitude were grouped into cluster II; however, they were located in different subclusters. Schoettle et al. (2012) found similar results on the Pinus aristata Engelm from Colorado and New Mexico diversity based on isozyme diversity.
Based on Bamboo Phylogeny Group (2012), Bambuseae tribe is divided into 11 subtribes. The results of this study grouped bamboo samples tested into two subtribes, namely, Bambusinae and Melocanninae. The subtribe Bambusinae consists of the genus Bambusa, Gigantochloa and Dinochloa. Subtribe Melocanninae consists of the genus Schizostachyum. The results of this study are in accordance with the grouping of tribe Bambuseae, which is divided into two subtribes and contains the same genus. But in Groups I and II, there were different genera joined together into one group that was the Schizostachyum genus. Our result is parallel with Triplett et al. (2014) ; the genus Schizostachyum is still cannot be separated from other genus. This may be the case because Bambusae is allopolyploid which shares C and D genome. The RAPD primers used were not able to separate the Schizostachyum genus clustered into one appropriate subtribe. This is because these RAPD primers are not designed to differentiate both genomes. Reflinur and Lestari (2015) suggested that the more DNA markers used, the more likely it is to obtain a complete and accurate genetic map.
The coefficient of Dice similarity in bamboo species produced in this study ranged from 0.000 to 0.081. According to Haiti (2003) , the smaller the value of the coefficient of genetic similarity, the farther the kinship relationship is. On the contrary, the greater the value of the coefficient of genetic similarity, the closer the kinship relationship is. There are several factors affecting the level of genetic diversity including gene flow, inbreeding, mutations caused by deletion or insertion (Nadeem et al. 2017) .
The closest kinship occurs in the species G. atroviolacea Widjaja (AD) and G. pseudo arun dina ceae Widjaja (AR) with a value of 0.081 equality coefficient (Tab. 4). The genetic variation found in bamboo species may be caused by a number of factors, including the biological reproductive system, distance, geography and ecology (Pratiwi 2012) .
This study showed that the data generated using RAPD molecular markers can be used to help determine the genetic diversity of bamboos found in BBG and K. The results of this study can be useful for plant improvement and detection of genetic variation among bamboo species. Information on genetic diversity is needed to support conservation activities. For conservation activities, the magnitude of genetic diversity reflects the genetic resources needed for shortterm ecological adaptation and long-term evolution (Afza 2016).
